AIM: Zinc oxide (ZnO) nanoparticles (NP) are flexible platforms for biotechnology and biomedical applications. The aim of this study was to investigate the expression of the DR4, DR5, OPG, DcR1, and DcR2 in rat brain tissue.
█ INTRODUCTION
N anoparticles (NP) are commercially used in health and fitness, electronics, food, beverage, cross cutting, appliances, cosmetics, clothing, personal care, sporting goods, sunscreens, and filtration. One of the main nanoparticles added to various materials and products is zinc oxide (ZnO) nanoparticles (10, 13) . For many years, ZnO nanoparticles have been used in cosmetics. There is very little information on the potential toxicity of ZnO nanoparticles although they are widely used (5, 10) . Several recent studies have detected the toxicity of ZnO nanoparticles in bacteria, nematodes, algae, cell lines, plants, rat, and mice (6, 8, 10, 21, 24) These studies revealed that the cytotoxicity of ZnO nanoparticles is possibly the result of cellular oxidative stress induction through the generation of reactive oxygen species and free radicals (7, 10, 20) . In addition, a few recent studies showed the potential mechanisms of nanotoxicity in brain tumors (1) (2) (3) 10) .
It was also shown that the genotoxicity mechanism would correlate with the active oxygen production, oxidative stress, tumor, apoptosis, and anti-oxidant defence mechanisms (10, 17) .
Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) is a member of the cytokine TNF superfamily (14, 15, 23) . The TNF family plays an important role in immune regulation. TRAIL causes cell differentiation, cell proliferation, and apoptosis when it binds to TNF receptors (16) . Five receptors for TRAIL have been identified including DR4 (TRAIL-R1), DR5 (TRAIL-R2), DcR1 (TRAIL-R3), DcR2 (TRAIL-R4), OPG (4).
To determine the brain tumor etiology, we investigated the over expressions of the DR4, DR5, OPG, DcR1, DcR2 genes in brain tissues. To the best of our knowledge, there is no available study on DR4, DR5, and OPG gene expressions in brain tissues. In this study, we evaluated the effects of ZnO nanoparticles on the gene expression pattern of brain tissue. Total ribonucleic acid (RNA) was prepared from the ZnO nanoparticles, with different surface charges and exposed groups, and the reverse transcription polymerase chain reaction (RT-PCR) and Western Blotting methods were used to detect the complementary deoxyribonucleic acid (cDNA) and protein levels.
█ MATERIAL and METHODS

Biological Samples
All the procedures adhered to the tenets of the Declaration of Helsinki and were approved by the Institutional Review Board of the Kafkas University. Thirty adult Wistar albino white rats were used in this study. Rats were divided into three groups as control (n=10), tumor group (Rats were given diethylnitrosamine 150 mg/kg) (n=10), and other group (ZnO-NP 300 mg treatment groups; n=10). ZnO-NP was administered by oral gavage. The total RNA obtained from brain tissues was analyzed to determine the DR4, DR5, OPG, DcR1, and DcR2 gene expression levels.
RT-PCR Analysis
Brain tissues were subjected to RNA isolation employing a previously reported phenol/chloroform extraction method by Chomczynski and Sacchi. The TRIzol reagent (Sigma) was used to isolate the total RNA from formalin fixed and paraffin embedded specimens. The total RNA was treated with RQ1 DNAse I (Promega, USA). Reverse transcription (RT) was performed according to the manufacturer's directions (Fermentas, USA) using 1 unit of MMLV reverse transcriptase with 5 μg of total RNA and oligo dT22 primer. PCR was performed with 1 μL of diluted cDNA (1:10) in a total volume of 25 μL using Taq DNA Polymerase enzyme for 27 cycles in the exponential range with DR4, DR5, OPG, DcR1, DcR2, and β-actin primers. The RT-PCR assay was used to detect the differential expressions of DR4, DR5, OPG, DcR1, DcR2, and β-actin between brain tissues. β-actin was used as an internal control to normalize samples.
Western Blot Analysis
Expression of the recombinant protein was induced by the addition of 100 μM isopropyl β-D thiogalactopyranoside (IPTG) in E. coli BL21 (DE3) carrying pET16b (+) of DR4, DR5, OPG, DcR1, DcR2, and β-actin, and incubation was continued for a further 3 hours at 37°C. Purification of soluble PON1 through Ni-NTA resin (QIAGEN, Germany) column chromatography was performed according to the manufacturer's instructions. Analysis of the purified proteins on 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out with Coomassie brilliant blue staining. Proteins were transferred from the gel to a polyvinylidene fluoride filter (PVDF; Immobilon-P, Millipore). For western blotting, the ProteoQwest colorimetric kit with TMB substrate (Sigma, USA) was used with mouse monoclonal anti-His6 antibody and HRP-conjugated secondary antimouse antibody. Kaleidoscope prestained standards were used as molecular-mass markers (14) . █ 
RESULTS
To determine DR4, DR5, OPG, DcR1, DcR2, and β-actin (control) gene expression, thirty rats in the three groups were used. The RT-PCR method was used to investigate the mRNA expression levels of DR4, DR5, OPG, DcR1, DcR2, and β-actin. The mRNA levels of DR4, DR5, OPG, DcR1, DcR2, and β-actin were shown in the control group ( Figure  1A ), tumor group ( Figure 1B) and ZnO-NP group ( Figure 1C) . The DR4, DR5, OPG, DcR1, DcR2 genes in the tumor group showed a decrease in the gene expression levels when they were analyzed by RT-PCR ( Figure 1B) ; however, the DR4, DR5, OPG, DcR1, DcR2 genes showed an increase in the gene expression levels when they were analyzed by RT-PCR in the ZnO-NP group ( Figure 1C ). In case of discrepancy, the RT-PCR results were used for classification. Therefore, DR4, DR5, OPG, DcR1 and DcR2 overexpression was confirmed by both RT-PCR.
PCR products were cloned into the pET16b and transformed into E. coli BL21 (DE3). SDS-PAGE analysis with Coomassie blue staining showed that the affinity purified recombinant protein was expressed as soluble protein after IPTG induction (Figure 2) . The protein can be purified using the nickel agarose. The DR4, DR5, OPG, DcR1, DcR2, and β-actin (control protein) protein showed a decrease in the protein expression levels when they were analyzed by western blotting. █ 
DISCUSSION
It has been demonstrated in recent years that nanomaterials including ZnO NPs may cause toxic effects on the tissue through genotoxicity, cytotoxicity, the induction of oxidative stress, inflammation (19) , and fibrosis (22) . These adverse effects are also involved in the onset and progression of neurodegeneration (18) . Thus, the relationship between nanomaterial exposure and their capability to induce neurodegeneration has received substantial attention (11) .
It has been well demonstrated that the induction of oxidative stress plays a critical role in the common mechanism of nanoparticle toxicity (9) . Prolonged and serious oxidative stress may cause an increase in inflammation via the activation of inflammation-related genes (12) .
In two studies, when oxidative stress level is increased in the brain, impaired learning and memory abilities, and hippocampal pathological changes were identified especially in old mice following ZnO NP exposure (10, 17) . In this study, we used cDNA and protein to study the effects of ZnO nanoparticles on gene expression. The up and down-regulated genes by ZnO nanoparticles exposure belonged to the cytokine TNF superfamily of TRAIL, and 5 genes.
This study has some limitations by the ZnO-NP. The mechanism of the increase expression of the DR4, DR5, OPG, DcR1, and DcR2 genes may play an important role in the ZnO-NP brain tumors.
█ CONCLUSION
The major finding of the study is that DR4, DR5, OPG, DcR1, and DcR2 genes are significantly associated with the risk of brain tumors. We revealed that the DR4, DR5, OPG, DcR1, and DcR2 overexpression was associated with increased risk which may play an important role in ZnO-NP treatment of tumors. █ REFERENCES Figure 2 : Western blot analysis of affinity purified recombinant DR4, DR5, OPG, DcR1, DcR2, and β-actin proteins for ZnO-NP group. Western blot analysis: DR4, DR5, OPG, DcR1, DcR2, and β-actin proteins were purified with Ni-NTA agarose. Proteins were separated with 12% SDS-PAGE and blotted to PVDF membranes. The membranes were probed with a mouse monoclonal anti6XHis antibody, 1:1000 (Ni-NTA agarose). 
